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Abstract

In this paper we present the ab-initio derivation of an estimator for the mean and
variance of a sample of data, such as obtained from proficiency tests. This estimator has
already been used for some time in this kind of analyses, but a thorough derivation
together with a detailed analysis of its properties is missing until now. The estimator
uses the information contained in data including uncertainty, represented via probability
density functions (pdfs). An implementation of the approach is given that can be used
if the uncertainty information is not available; the so-called normal distribution
approximation. The present estimation procedure is based on calculating the centroid of
the ensemble of pdfs. This centroid is obtained by solving the eigenvalue problem for
the so-called similarity matrix. Elements of this matrix measure the similarity (or
overlap) between different pdfs in terms of the Bhattacharyya coefficient. Since
evaluation of an eigenvalue problem is standard nowadays, the method is extremely fast.
The first and second moments of the centroid pdf are used to obtain the mean and
variance of the dataset.

The properties of the estimator are extensively analyzed. We derive its variance and
show the connection between the present estimator and Principal Component Analysis.
Furthermore, we study its behavior in severall limiting cases, as met in data that are
very coherent or very incoherent, and check its consistency. In particular, we investigate
how sensitive the estimator is for outliers, investigating its breakdown point. In the
normal distribution approximation the breakdown point of the estimator is shown to be
optimal, i.e., 50%.

The largest eigenvalue(s) of the similarity matrix appear(s) to provide important
information. If the largest eigenvalue is close to the dimension of the matrix, this
indicates that the data are very coherent, so they lie close to each other with similar
uncertainties. If there are two (or more) largest eigenvalues with (nearly) equal values,
this indicates that the data fall apart in two (or more) clusters.

Keywords: interlaboratory studies, proficiency tests, population characteristics,
consistency, breakdown point, robust statistics

Introduction

Interlaboratory studies play an important role in analytical chemistry to assure the
quality of measurements. In these studies a group of laboratories receive identical
portions from a homogeneous and stable test sample for analysis. Three types of studies
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